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Abstract. A randomized, double-blinded. placebo-controlled study was conducted to examine the etl'ect of spatial
repellent (SR) in households at lisk of malaria in lndonesia. Following presumptive radical cure for malaria in 1f]0 adult men
representing sentinels of new infeclion in lbur clusters within two villages, all households were given either metofluthrin
or placebo mosquito coils. Weekly bloocl smear screening and human-landing mosquito catches were done throughout
the 6 months intervention. Malaria infections occurred in 61 sutrjects living in placebo houscholds and 3l subjects living
in SR coil households, suggesting a 52% protective effect of SR. Likewisc, anoPhelcs indoor human landing rates wcre
32o/o lower in homes receiving SR coils. Differences in the malaria attack rate between SR- and placebo-treated homes
was significant when not accounting for the etTects of clustering. When thc analysis was adjusted for intra-cluster
correlation, the clilferences betwecn SR- and placcbo-treated homes wers not statistically significant. Thc findings
provide evidence of SR public health benefit and support a larger trial statistically powered to detect those eftbcts.
INTRODUCTION
Malaria continues to be a significant global public health
burden clespite recent progress in reclucing disease ratcs.l':
Currently. the recommendcd tools for rnalaria control :lnd
management from global health authorities, such as the World
Health Organization (WHO), include diagnosis, chemotherapy,
indoor residual spraying (IRS), and long-lasting insecticide-
trcated nets (LLINs) to reduce transnrission and risk of infec-
tion and illness.3 The eff'cctiveness of these tools clcpend upon
many factors such as the qu:llity of diagnostic and treatmenl
serdces, coverage of homcs with IRS or LLINS, relativc trans-
mission lcvel. and many social and ec,onomic factors. Further-
more, the splead of parasite and anophcline vector resistance
to various antimalarial drugs and insecticides. respectively, in
combination with the lack of an cfficacious malaria vaccine,
collectively threaten the effectiveness of current malaria control
efforts. This reality emphasizes thc need to dcvelop innovative
preventive tools that exploit novel mechanisms of action
against either the anopheline vector or Plustnodium spp. par-
asite. Modifying vcctor behavior through thc c:henrical action
of spatial repellency (SR)" is one such approach. Here, we
definc SR as the ability of airborne chernicals 1o recluce
human vector contact bv elicitine one or nlore insect behav-
iors.s As early as 1953, Muirhcacl-Thomson6 concludecl tbat
chemicals could disrupt contact between humans and malaria-
transmitting mosquitoes ilnd thus stop discase transmission
without actually killing mosquitoes. Subsequent authors have
speculated that spatial repellent producls could hold distinct
advantages over more traditional vector control tools such as
IRS and LLINs.T-rr One key advantage of SII over IRS/
LLINs is the ability to create a space with reduced mosquito
density without the requirement of thc mosquitocs contacting
a treated surface. In other words. nrotcction is affordcd at a
*Address correspondencc to Din Syafruddin, Eijknran Instilule for
Molccular Biology. Jalan Diponegoro 69. Jakarta 10430, Indoncsia.
E-mail: din@eijkman.go.id
distance and can occur continuously during daytime, early
evening, and night*a particular benefit when considering
varicd anopheline biting patterns and at-risk population life-
styles. Of importance. there is a reduced probability of creating
a survival advantagc with either behavioral or physiological
resistance to the agent inducing this effect.a
Spatial repcllency as a means of prevention was considered
more than 60 years ago but never seriously pursued. Develop-
rnent algorithms for chemicals aimed against mosquitoes have
focused upon morlality effects for setting thresholds of effi-
cacy, and, indeed, SR propertics werc considered disadvanta-
geous (compromising contact and mortality). Agents of SR as
effective tools of malaria prcvention renrain essentially an
unexplored chemical universe. Spatial repellency has nonethe-
less treen well docunrented undcr experimental conditions.l2-16
Adopting SR as a broad prevention strategy. however. requires
morc practical demonstrations of impact. The current study
aimed 1o provide limited proof-of-concept evidence of SR-
mediated reduction of malaria transmission in communities
naturally exposed to the pathogen.
MATERIALS AND METHODS
Ethics statement, Ethical review and approval for this study
was granted by the Ethics Committce (EC) of the Faculty of
Medicine , Hasanuddin t-Tniversity and endorsed by the Eijkman
Institute Rescarch Ethics Committee. Jakarta. Indonesia.
lnformed consent was obtaincd by subjects folkrwing EC
guidelines to include descriptions of the study risks. benefits,
and proccdures of radical cure and follow-up. All adverse
evcnts werc captured during participant follow-up and
reporled 1o nronitoling authorities after apploved protocol.
Study site. Thc study was conclucted in Southwest Sumba
Districl, East Nusa'l'enggara Province, Indonesia (Figure 1).
Thc .182,268 rcsidents of the district live in 94 villages. Cross-
seclional suweys during wct and dry seasons at 45 sites in this
district during 2fi)7 indicatcd a seasonal pattem of hypo-
to neso-endemic malaria transmission with orevalence of
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Map of the study site (box) in the Southwest Sumba District and its location in theThe District is located in the western part of Sumba lsland linserrt).
Indonesian archipelago (map not to scale).
microscopically patcnt parasitemia ranging from 0olo to 34o/o,
with a median prevalence of 6,h.t1 'Ihe higher prevalencc
among these sampled sites is typically nearer the coast. Two
such villages, Umbungedo and Wainyapu. with populations of
2,678 and 2,576, rcspectivelv. served as the studv sitcs. The
prevalence of parasitemia in two mass blood suiveys oI thc
villages enrploying random sampling (50% of residents) was
3.5o/o at Umbungedo and24.7o/o al Wainyapu 3 and 10 months
before the start of the intervention, respectively (Table l).
Although vely little is known of the malaria veclor bionomics
in this area, one entomologic survey documented l 1 species of
anophelines occurring in this district: Anopheles surulaiurs.
Anopheles subpictus, Anopheles burbirostris, Attopheles
hy rcnnus, Anopheles aconitus. A ttopheles fl avirostris, Anopheles
'IhBLE I
Parasitologic basuline data of thc studv sitcs
otttttrlori.s, Anopheles maculatus, Attopheles tessellatus,
Anopheles ydgr#, and Anopheles lco<'hi.18 These specics
occurred in relative abundance in accordance with their
respcctivc prefelred habitats including coastal marshes and
ponds. seasonal ricc paddies, and tbr.ested hillsides. This
sctting is typical for many rural malaria-cnclemic arcas in
Indoncsia, particularly high risk coastal zones.le Residents of
the study village work principally in agriculture, have no pub_
Iic electricity or water, and resicle overwhelmingly in tracli-
tional large thatch and bamboo homes averaging g0 nt3 that
offer little protcction tiom mosquito entry. Thus, the site main_
tained relatively high malaria attack rates. primarily from
Att. sttttdoicus. which is typically fbund in ioastal icttings
and has been confilnted to be irn importilnt vector species in
lhe rcgion.
Sample size. Previous malaria incidence r:rtc suryeys rn
other locations of Indonesia2{} werc used to predict a iikely
malaria attack rate in the current study villages ranging between
0.2 and 2.0 infcctions/person-year. Assuming a 6-month expo_
sure risk period (i.e., approximate typicrl high malaria trans_
mission period at this location), it was anticipatecl that
belween 0.1 and 1.0 infections woultl occur pcr person or that
the proportion ofsubjects becoming infected during the inter_
vention would fall betwccn I0% and 100%. Samplc size
requirements were estimated basecl on the ability to cletect a
differencc between treillmenl arnrs with srundarrl alpha = 0.05
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Study design, 1'he study was a split clustcr-randomized,
double-blinded, and placebo-contlollcd longitudinal cohort
design. The selection of clustcr randomization was based on
the distribution and movement of mosquitocs and chemicals
cliciting SR; both of these could movc from hr.ruse lo house
within a village, therefore thc spatial unit of potential impact
was the cluster. The stucly wirs clesigned ancl powered to
clevelop evidencc of sufficient efficacy for SR to justify a
much largcr and adequately statistically powered cluster ran-
domized SR trial. The SR agent used in this study was
metofluthrin, a commonly used compouncl in commcrcially
available mosquito coils. and with demonstr.ated repellency
effects against anopheline mosquitoes. 7-e
Aftor baseline entomologic and parasitologic (Table 1) site
surveys, households from both Wainyapu and Umbungedo
villages were stlatified into four clustels: Wainyapu 1 (Wl,
pop. 502, houses 92) and Wainyapu 2 (W2, pop. 523. houses
102), tlmbungedo 1 (t11, pop. 596. houses 93) ancl
Unrbungedo 2 (U2,pop.651. houscs 98) (Figure 2). The areas
of each clustel were chosen with the intent of roughly dividing
each village into ec;ual halves. 'Ihe clusters in each village
wcre randomized to receivc either tlcatment mosquito coils
(containing 0.001)75% metofluthrin) or placetro mosquito
coils (containing incrt ingredients only and no nretofluthrin).
The randomization process ensured that each village had both
active and placebo treatments. The study administrator
obtained a list of lot manufacturing codcs front the coil ntan-
ufacturer (S.C. Johnson Co., Ho Chi Minh, Vietnam) that
iclentitied coils as either active ol placcbo. The administrator
then assigned a code spocific to each home and labeled pack-
ages of coils corresponding to cluster assignnlent to active or
placebo coil lreatmcnl. These assignments were kept in a
sealed envelope in a secule locatinn within the managing
center of the research program (Jakarta). 'lhus, the investiga-
tols. rcsealch team, study subjects, and residents wele blinded
as lo which cluster reccived active versus placebo coils unlil
aflcr conrplction of thc study.
'I'he primarv endpoint for estimating the protective efficacy
of this spatial lepellent intervention was malaria incidence
among 45 sentinel subjects resident (sludy participants) in
e:rch of the four clustcrs, i.e.. I 80 subjects in all. These sentinel
subjects, called the allack ratc cohort. were all men living
in scparatc households, which receivcd a directly obser.ved,
presumptive radical cure tr.r clear then of any standing (pat-
ent, sub-patent, or latent) malaria infections of blood and
liver. Weekly blood film ex.rms were conducted for the dura-
tion of the stucly. This provided an essential analytical advan-
tage. i.e.. all new infections occurring in these subjects could
only have originated from ntosquito-bnrne sporozoite inocu-
lation rather than recrudescence or relapse stemming from
infcction beforc intcrvention.
Enrollment for attack rate cohort and radical cure. Men 18
to 60 years of age reproscnting single households anrong study
clusters werc provided the opportunitv to enroll in thc study.
Following infbrmed consent, screening consisted of physical
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Flcunt 2. MapofthehouscholdclustclsinthcLlmbungedoandWainvapuvillagcs.Fourclusters: U1,U2,Wl.andW2(grayed)werescloctccl.
each consisted of ca. 100 households and 500 people each.
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cxemination by a study physician and a qualitativc tcst for
G6PD deficiency (Tridty Biotech qurlitative G6PD
assayTM, rcf 3,15-tlV. Tdnity Biotech. St Louis. MO) ln
addition to G6PD notmal status, eligibility rcquircmonts
included a bodyweighi ' 40 kg' hcntoglobin > 8 nrg/dl
(Hb201+, Hemocue AB, Angelholm, Sweden) no signilicant
chronic illness, participant must sleep in the villagc > 90"/' of
nights, and no plans fol extcndcd trnvel during the study' A
toial oi 180 subjccts (?5 en Pcr village plus ln additional
3l) to rccounl lor anlicipxted luss(s lo fullo\{-up) wer( lrcxtcd
usins a fixed combination formulation of dihydrollrtcnrisinin
(DHA) 6.4 mg/kg and piperaquine (P) 51.2 mg/kg bodv
weight tbr 3 days (Arterakin- , PHARBAC() Ccntral Phar'
maceutical JSC No. 1, Hanoi, Victnam) and 0.5 mg/kg body
weight primaquine (Kimia Farnra. Son)arang. Indoncsia) fbr
thc 28 days immediatcly before sta ing the coil intervention
Thc DHA+P combination is currently the tirst-line antimalarial
druc lot maldia treatmenr iIl Indonesia 24 Although prirnaquinc
trealmcnt policy in Indonesia catls for 0 25 rng/kg for 14 dttys.
we itdministercd 0.5 mgkg for 28 days to cnsure iI grertcl
probrbility of compl(lc (fficircy agiin<l rclilps(. :md kn'jw this
dusr lu be srtfc and ucll lol(ralcd ifl Induncsians _ Ihcsame
dose of primaquine for 14 days and adnrinistcrcd with DHA-P
was 9870 efficacious in lndonesian soldiers inlccled in Papua.-'
New nralaria infcciions dmong the 180 particiPitnts wcre nlon
ilored wilh weekly microscopic examination of Cicnlsa-staincd
blood films at projcct-dedicitted ficld clinics and hboratories
l.rated in each of the two study villages:3 ParticiPimts found
positive for malaria parasites were immediatcly tteatcd with
DIIA+P and renroved from thc study. thereby ending their
contribution to person-tinre at risk of infcction.
Experimental inlcrvention. Immediately aftcr comPletion
of radicalcurc in the attack rate cohort, intcrvcntion was simul_
taneously initiated in all households. BIank (mctofluthrin-frce)
or 0.00975% mctofluthrin-lrcated coils of identical puckaging
and color were randomly assigned 1(} houses using ir 90:10
dist bution ratio of cach troatmcnt within a single study clus-
ter (W1, w2, U1, and U2). The 90:10 distribution ratio e{fcc-
tively provided a 90o/o cover-age ratc for treatnrcnls within
clusters, and the minority treatmcnl could rcveill trcids )n
village lcvel cffccts (but without thc Powcl k) lscertain quan-
titative effects). AII houses were provided lour coils cach
night by project personnel and werc ignited at 1800 h Onc
coil was positioned at each of four corners o[ thc house (vir-
tually allwere singlc room dwcllings) and placed on standard
mctaf stands fixcd within 20 x 20 x 6 c metol pans. The
pans facilitated stabilization of the coil on the bambur floor-
ing and provided plot€ction to thc coil from cxcessive wind
currcnts resulting in molc cven burrling. Tho -288.000 activc
and placebo coils used were manufactured by S.C Johnson.
Inc., to thc specifications of this trial. They wcrc dcsignod to
provide a l2-hout burn alld homeownen welc asked to
rclight coils if they burned out plcmaturely Research t!'am
membeft regularly survevcd coil pans at randomly selected
homes each morning to ascertain succcssful burn ratcs (i.c..
om Jcngth of coil rcmtining at dawn). Thcy alsr-r routinely
survcyed randomly scloctcd homcs for advoNo heallh cffccls
conceivlbly related to coil butning.
Entomologic pamruelers. Adult mosquito dcnsities were
measurcd using humitn-litnding catchcs (HLC) Five sentincl
houses within cach study cluster wcrc selected for sanrpling
Collections weto oonducled weekly from alll sentin€l holNes
within givcn villagc sinlultlneously Sontincl houscs were
blindly s;lected to include two houses with metofluthrin
active coils, two with blank coil treatments, and one nouse
wilhout coil intervcntion during the given samPling night
This ensured comparison betwcen active and placebo and to
"nalural" conditions Thc sentinel house without the coil was
provided a blank coil (the lone exception to coil treatment
itinaingl on all nights other thar when thc HLC was being
oer'forried. Teams of two collcctors were assigned per house'
one posilioned indoors at the cenler of the house and one
locatod outsidc on the vclandah '1 m from the cxt€ or wall
Collecto$ rcnoved all mosquitoes landing on thcir exPosed
Iower legs using a mouth aspiaator. Collections were con_
ducted from llifi) to 06fi1h for 50 min every hour' Collectors
fotated the indoor and outdoor position every hout Samples
were placed into individual holding containers labeled by
hour of collection. uniquc house code (that corresponded to
treatment). and collection location (indoor or outside) Mos-
quiloes wcrc immedialcly killcd hy chloroform vapor in the
field rnd identified to species (or sPecics complex) using mor-
phological characteristics 2e All sPecimcns wcre transported
io the project laboratory uPon completion of the 12 h HLC
and a reprcsentativc tandom sample of anophelines were dis-
sccted lor parity and scorcd as eithcr gravid/parous or nullip-
alous.l Partial (hcad-thorax) and whole anopheline specimeos
were placed sidgly into individual vials rnd stoled with
silica gol desiccant until futthor proocssing at thc Ei.ikman
Instituic for Molecular Biology. Jakarta' for detection of
malaria sporozoites and nrolecular -based spccies identif ication,
where applicable.
Mostluito sanrples wcre cvaluated lot Plusmodiuttt spp'
infcclion using a citcumsporczoite Protcfu (CSP) enz)'ne-
Iinked inrmuno$orbent assay (ELISAI" and polymcrase
chain reaction (PCR) nrelhodologies3z to derive correspond-
ing malaria sporozoitc rxtes by Parasite (P fol.ip|rum. Pkts'
modiwn virax. Plasnodiun nnlariae. oltd Plasmotliunt ovale)
and vcctor specics. Together with tirnc-adjustcd HLC densities
(anophclincs,ptrsun-nightl. matchrd sporoztritc ratcs werY
used to clerive the entonrological inoculation rates (EIRs) for
cach treatnrent arnl.3l
Indoor and outdoor rcsting collections were conducted
weekly from the five scntinel houscs used for HLC in each
clustcr. During daylight carly morning hours, a triam of threc
pcisons per house systematically samPled each house for a
total of 60 nin from four locations (inside, under the house'
on thc outsidc house vcrandx. and within the Peridomestic
al(J (10 nr circunrfL'rcnc0 from lhc hous() Sompling was
conductrd using a moditlrd Prokopack handheld aspiriltor 
..
Additionally. to capture blood-fed nrosquitocs, a wooclen
"resting box" titted with a bldck cloth lining was placed
outdooN of cach sampled house within a standard l0 m
distancc from the exterior wirlls lnd in a location with high
probability for vectot rcfugc. All capturcd resting mosqui-
toes were placcd in labeled containcrs and retumed to
the laboratory for identificatior and processing for blood-
me11l anrlYsis.35
Statistical atalyses. Tho i pact of SR on risk of nralaric was
eslim.rtcd by neosuring iocidcnce dcnsity of new cases of
malaria among cohorts of 45 sentinel subject men in each of
the study clusters. The primary estimate of impact was dcter-
nrined by calculating the protcctivc efficacy of the interven-
tion birscd on incidence dcnsity (number of infcstions per
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pcrson ycar at risk) of now parasitcnrias omong the malaria
attack cohort as [ollows2223 36:
Zncidencu pl A(.rBt, 'Zncidt ncv o.r,unts
l&rcidence i "o..u,, x100= 
o/oEfficacy:
Risk rate (RR) was calculated from the ralio of overall
incidcnoe rate in thc aclive and plasebo groups.'l'o adjust for
possiblc clustering effcct. geometric mean of the clustcr inci-
dence rittc (RRGM) was used to cslimate of inlelvention
cffect whcn lhe incidence rates in cach group were highly
skewed.22 One approach to cumulative incidence analysis
involved direct adjustment of thc c2 statistic, which depends
on clustcring cffects for each intervenlion group.
Thc secondary endpoint, anophelinc vsctor human landing
rates during lbe study period. wrs anillyzed by the nonpola-
mctric Wilcoxon rlnk-sum statistical test to compate cumula-
tive indoor catch densities belween treatment arms by week
of collection with 2 x 2 contingency tables uscd to gcncratrj
and comparc risk rates over 1ime. The EIR by matchcd
time and placc were calculitted combiling the mean humal-
landing density with proportion of anophclines deemed
"infoctive' wilh sporozoilcs.33 All hourly HLC ratcs worc
rdjustod for 60 nrin bcforc calculating the EIR.
RESULTS
Intervention. 'lhe moming observation of coil remnants
showed high success "burn" ratcs. Of the 263,520 coils observed
during the intervention peiod.91.82o/o had no coil material
remaining lhe following morning. Of the 2.11t% coils that failed.
thc avcrage coil remnint wns 34 cm (9570 confidence interval
ICll:26;142.2) ol a total starting coil length of 125 cm. There
was no instance of all four coils failing irl thc same housc on the
samc night. Full cxposure to coil smoke/active ingredient
oc(urrcd during lhc 6 months of intervention. No coil-related
sclious adveEe events wcte repottcd. and reported advene
evenl rales did not differ between active and placebo coil
homes. No bufll injuries occurred, nor did any home fire inci-
dents. and no household requested cessation of coil burning.
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Malaria attack and proteciive ellicacy. Figure 3 summarizcs
screening, enrollment, and fbllow-up of the 1tiO sttbjects of the
incidence dcnsity cohorts among the four clusters. Almost all
subjects complcted radical curr: and the 6 months of lbllow-up.
Analytical results tbr incidence rate. cumulative incidence
analysis, and c.lustering eflect adjustment are plesented in
Tablc 2. A total of 61 nralaria infections within l.46ft person-
rveeks al risk were seerr in participants whose households
were given blank coils (clustcrs W2 and Ul), with a calculated
incidence density of 2.184 intbctions/pelson-year. In contrast,
3.1 malaria attacks occurred anrong purticipants in mctofluthrin
coil-treated households anrong tho 1,540 person-weeks at
risk resulting in a calculated 1.04 infections/person-year. The
protective efficacy of metofluthrin coils was thus cstimated
at 5I.6Y" (95% CI 25.4-68.6"/,). The relative risk (RR [9.5%
CII of infection among active versus placebo coils was 0.48
[0.31--0.7s]).
Because Wainyapu and [Jmbungedo were less similar than
anticipated, a second analysis based on cumulativc inciclence
was performod to account for possible clustcring effects: the
RR becanre 0.65 (0.09-4.tt). i.c.. statistically insignificant and
protective efficacy was reduced 46.8o/" (95"/" Cl 27.3-61Yo).
Thc RR without cluslering el'fects was 0.53 (0.394.73). but a
cluster-specific adjusted c'value rvas 2.356 (P = 0.124).
Anopheline landing rates. A total of 26 weeks of FII-C wcre
perfblmed within each cluster during the intervention trial.
From these collections, An. sundaicus specics E was thc pre-
dominant anopheline captured reprcsenting ti6.6% (N = 1.603)
and 82.2"/o (N = 74) of the total collections from Wainvapu
and Unbungedo villages, respectively. Distribution of other
anopheline spccies includcd: 7L.2o/" (,264) An. srulplclrrls sensu
lato.0.3olo (7) An. indefittitus.O.Z"h (5) tlrr. vugus.0.89% (21)
An. Itarbirostris,0.O4"/o (1) An. anrurlaris and An. maculatus,
0.2V" (5) An. aconifits,0.08yo (2) An. kochi and 0.2% (5.1
An. tessellatus. The majority of An. sundaic'rrs werc collectcd
outdoors to g.ive an indoor to outdool biting ratio oI l:1.74.
A total of 2,345 anophelines were procosscd fol CSP dctec-
tion using ELTSA and PCR analyses. Of these, only
Att. sundaiau were dctectecl CSP positive (15 of 1,825) and
only from the W1 and W2 (Wainyapu) clusters. Molecular
identification examining the mtDNA r.rf samples of
An. xmdaicus found all specimens assayed to be zlrl. stutdaicks
E. as yct an unclescritrcd ftrrnral specics in the con'rplex.37
Thc cumufative incloor An. xutdaicus landing rates from
Wainyapu ancl Umhungedo villages are shown in Figurc 4.
Overall, there rvas a signific:rntly reduced landing density
from collections pelformed at sentinol households containing
metofluthrin coils as compared with those assigned to blanks
(P = 0.$aD. This difference resulted in a combined 32.97o
reduction in ,4 n. srutdaiurs attack rate on collectors at sentinel
households with active coils compared with blank houses in
Wainyapu (Wl and W2) (P = 0.04388). Similar attack rate ratios
coulcl not be pcrfornred in thc llmbungedo clusters as overall
HLC densities ol An. sundaiun mosquiloes were too low.
Age-grading. The proportion of samplcd females catego-
rized as "older," combining parous and gravid (those with
devcloping ovadan follicles as evidence of recent blood
meal), and those "younger" as nulliparous and recently
cmergcd wel'e compared bctween thc foul sub-cluster sentinel
HLC sites. Sufficient HLC numbers were only present in WL
and W2 areas to allow comparisons. Overall older: younger
ratio between "active." "blank." and "no coil" homes were
not statistically diffcrent ovel the entire study, therefore indi-
cating sites relllained comparable regarding age structure
throughout thc sampling.
Arlult resting collections. Despite many hours of effort
each week, the total number of anophelines captured indoors
and ou'tside of the sentinel houscs was extremely lolv. only
88 0.17 An<tpheles per' house sampling wcek) wele lecorcled
of which 6()7o were collectecl indoors. The remaining 35 mos-
quitocs werc found eithcr underneath the housc. on the
veranda area, or in the immediate surroundings. Collection
attempts in outdoor locations produced only l0olo of all
mosquitoes captured. The predolninant species (75%) was
An. sundaicut. 61'/n <sf which werc found indoors. This is
further eviclence confirming its status as thc primary malaria
Trslr'2
Incidence rate and cumulative incidence of nalaria in cluslers l.reated with metofluthria (active)- and placebo coils
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The current study also lrcgs the cluestions ol mosquito
diversion and village-level protective effects. 'I'he minority
treatments within clusters (i.e., the 10 of the 90: l0 randomiza-
tion in each clustor) were inadequately powered for obsorva-
tion of definitive findings. Howevcr. thc cunrulirtivc incidence
of malaria infection among homes receiving placebo and
being surrounded by homes receiving active coils was similar
to that among homes in clusters with a placebo majority.
Another possible weakncss in this study is the potential
confounding eftbct by variable risk of exposure amon[t the
few clusters used. In other words, the 52"/, protective elTicacy
could be less an effect of SR and more eeographic variancc in
risk of infecti<.rn that happened to align by chance with ran-
domized SR assignment. The more clusters examined, the less
likely chance otrscrvations will confound intervcnl.it_rn impact
estimates. In this study we used a split-cluster design that
renders onlv two clusters per treatment, thus resulting in a
sample size of just 1wo paired trcatmcnl clusters. Ranclomiza-
tion to placebo treatntent at these two paired cluster sitcs
need only have {avored the more heavily malarious cluster
twice in a row to explain the observed protective cffccts.
However, such an explanation requires invoking a clegree oI
heterogeneity in transmission dynamics betwcen the clustcrs
within the same villages that is unlikely to have occurrecl
during this 26-week trial.
In conclusion, this study has addcd further eviclence thot a
vector control strategy, which reduces mosquito attack rates
without reqLriring dilect vector conlacl on tr.eated surfaces,
can reduce malaria transmission in endenric settings.43 .I.he
results presented here have encouraged the substantial invcst-
ment required to validate SR as a means ol. risk and harm
reduction using larger cluster-randomized trials, as was done
with insecticide-treated nets.'r8.44' including the investigation
of possitrle risk/infcction diversion cffects of SR.
Received Deceurber 13, 2013. Acceptecl lbr publication Augusl
25. 2074.
Published online October 13,2014.
Acknowlcdgments: We thank Clhristina Nixon rvho Droviclcd nruch
appreciated valuatrlc technical assistance and strenuous work in the
field. Wc also cxpress our gratitude to lhe tireless c,florts of Firria
Wulandari, our stutiy administrator, at the Eiikman-Oxford Clinicat
Research Unit in Jakarta. Dede Sudiana of the sanrc laboratory oro-
vicled sxprrl logistical and administrativc support of this r.nd.,avor.
We gralefully thank the residenls in the stucly arca lirr thc time und
patience to_participate in this trial. Special gratitude is expencled to the
Southwest Sumba District Hcalth Dc'partment fbr their jcind support,
thr;.industrious and unflagging onorgy of thr: parasitology and Jnto_
mology teams, local field workers. data entry clerks. and iocal vo.luu_
teers for their dedication to mer-ting the project goals.
Financial support: This study was funclcd by arr awarcl lttrm thc Bill ce
Melinda Gates Found:rtion (RMGF) to Al.ERTAsia Founclation in
Jakarta on behalf of the Hasanuddin University ancl Eiikman Institutc
for Molccular Biokrgv. We L.xpress our gr.atitude to b<rih Foundations
for their.gencrosity and vigorous suppoit ol this endcavor, cspecially
Kate Aultman at the BMGF. and to Claudia Surjadjaja, Shanti Gayatri,
and Manihar Panjaitan. We are deeply grateful to Daniel Larvson and
Maudc Maier of thc S.C. Johnson and Son, Corp.. USA for providing
the mosquito coils and for expert assistance in the sttrdrr desisD. JKB i.s
supportcd hy thc Wcllconrc 1'rusr (granr No. BSRJIXd).
Disclaimer: The contcnls are the responsibility of the authors and clo
not nccessarily rcfloct the vicws of the tJnitcd Statcs (iovernnrenr.
Authors' adelresses: Din Syafruddin. Eijknan Instituts for lVlolccular
Bitilogy, Jakarta, Indonesia, and Dcpartment of parasil0logy. Faculty
of Medicirre, llasanuddin Universiiy, Makassar. Indonesia. Ii-maii:
din@eijkman.go.id. Michael J. llangs. Public Health and Malaria
Control, International SOS, Kuala Kencana, Papua Indonesia,
E-mail: bang-michael@fmi.com. Dian Sidik. Department of Epide-
nriology, Faculty of Public Health, Hasanuddin University. Iv{akassar,
E-mail: dian_sidiq@yahoo.com. Iqbal Elyazar and Siti Nurlciia,
Eijkman-Oxford Clinical Research Unit. Jakarta. Indonesia. E-mails:
iqbal.elyazar@gmail.com and snurleila@cocru.org. Puji BS Asih,
Krisin Chan, and Christian Nixon, Eiikman Institute for Molecu-
lar Biology, Jakarta. Indonesia. E-mails: puji@eijkman.go.icl,
sanariliskris@yahoo.com, and cnixon()lifespan.org. Joko Hendarto.
Isra Wahid, and I-lasanuddin Ishak, Dcpartment of parasilology.
I"acuity of Medicine. Ilasanuddin University, Makass:u, lndonesia,
E-mails: jokohundarto@gmail.com, israwahirl@gmail.com, anu
hasanuddit.ishak@gmail.com. Claus Bggh, The Sunrba Foundation,
Bali. lndonesia, E-mail: cbogh@cbn.net.id. John P. Grieco, Department
of Preventive Medicilre and Biomctrics, Uniformed Services. University
of tho Health Ssionccs. Bcthosdu, MD, E-mail: jgricco(e)usuhs.mii.
Nicole 1,. Achcc. Departmcnt of Biological Sciences, Eck Institutc for
Global Health, University of Notre Dame. Notre Dame. IN. E-mail:
nachee@nd.edu. J. Kcvin Baird. Eijkman-Oxford Clinical Research
flnit, Jakorta, Indoncsia, and Contre for Tropical Medicinc, Nuffiold
Departnrent of Medicine, lJniversity of Oxford. Oxford. lJK. E-mail:jkevinbaird(dyahoo.c0m.
REFERENCES
l. Worlcl Ileallh Organintlion. 2011. Workl Moloris Report.
Gcncvu: WHO.
2. Murray CJ, Rosenlbld LC. Lim SS, Andrsws KG, Foreman KG,
Haring D, Fullman N, Naghi:rvi M, L.,ozano M, L"opez AD, 201 l.
Global malaria mortality bctwecn 1980 ancl 2010: a systematic
rcvicr. Loncet 
_179: 413-431.
3. Hill J, Rowland M, 2Ct06. Insecticide-trealed nets. /4dy parnsitol
6l:77-128.
4. Achec NL, tlangs MJ. Farlow R, Killcen GF, Lindsay S, Logan
JG. Moore SJ. Rowland M. Sweent'y K. Torr SJ, Zwiebcl LJ.
Crieco JP. 2012. Spatial repellents: from discovery and devel-
opn)ent to evidence-bascd validation. Malar J t I: 164.
5. World l lcafth Organization" 2013. Guidelines lbr EJficacy Testing
o.f Spatial Repellenls. Geneva: WHO.
6. Muirhead-Thonrson RC. 1953. Motquito Beluvbr in Relatittn kt
Muktriu TransmLytiott und Contntl itt the Tropics.I-undon, UK:
Edward Arn<ild and Companv.
7. Kawacla H, Maekawa Y,'l'iu<ta y. 'l'akagi M, 2004. Laborarory
and ficrld evaluation of spatial repellcncy with metofluthrin_
irnpregnated paper strip against mosquitoes in Lombok Island,
Indonesia. ./ zfil Mo,-q Control A.sxtc 20:292*298.
8. Karvada H, Mackawtr Y, Takugi M,2005. Ficlcl trial on thc spatial
repcllency of mctofluthrin-impregnated plastic strips for nos_
quitoes in shelters without rvalls (beruga) in Lombok-, Indones.ia.
J Vetror Ecol .10: I tl1- I {J.5.
9. Ujihara K. Mori T. Iwasaki T, Sugano M, Shono y, Matsuo N,
2004. Metofluthrin: a potent new synthetic pyrethroid with high
vapor activity against nrosquitoes. Blosci Biotechnol Biochin
68:170-174.
10. Kawada H, Maekawa Y. 'l sucla Y, 'l'akagi M, 2004. .I'rial of spa-
tial repellency 0f nretofluthrin-imprcgnated paper strip against
Anoplrcles ancl Cirle.r in shclters without walls in Lomboti,
Indonesia. J Arrr Mosq Conlrol Assoc 20:134-437. Enatum in
J Am Mosq Cttntrcl A:;soc 2l: 1(15.
i l. Kennedv JS. 1947. Thc excilant ancl repcllenl cffccts on mosoullo
oI sutrlethal contact wilh DDT. Buli Entomo! Iles ,i7:5g3-607.
12. De Zulucta J, Clullen JR, 1963. Deterrent effect of insecticides on
malaria vectors. Nanrre 200: 860-861.
13, Whife GW. 2007. 'I'erminology of hsect repellents. Debboun M,
Frances SP. Strickman D, eds. lnsect Ripellents. Boca Rotan.
FL: ('RCl Prcss. 3l-.16.
14. Grieco JP, Acheo NL, Andrq RG, Roberts DR,2000. A comoar_
ison study of house entering and exiting trehavior of Anoplie!as
ve.\titipennis using experimental hut sprayed with DDT or
dcltramothrin in thr: southcrn districl of Tolcdo. llelize, CA.
J Vector Ecol 25: 62-73j5. Ogoma SB, Lrvcitoijcra DW, Ngonyani H, Furer B, Russell TL,,
Muklbana TR. Killcen GF. Moore SJ. 2010. Screenins mos-
quito house entry points as a potential method for inte-grated
control of ondopbagic filariasis. urbovirus and malaria vectors.
PLoS Negl Dis 4: e773.
16. lhll N, Lcnglet A, Arnez AM, Clarneiro I, 2007. plant-based
inscct repcllent and insectisidc trcatod ncts lo protoct against
nralaria in areas of earlv cvening biting vcctors: tlouble blinrl
randontized placebo controlled lrial in thc Bdivian Amazon.
BMJ 
-J.j5: 1O23.
l7- Syafruddin D. Krisin. Asih P. Sekartuti, Dewi RM. Coutrier F.
Rozy IE, Susanti AI, Elyazar IR, Sutamihardja A, Rahmat A,
Kinzer M, Rogers WO, 2009. Seasonal prevalence of malaria in
West Sunrba Dis'trist, Indonesia. Malar.l B: B.
18. Asih PB, Dr:rvi RM. Tuti S. Sadikin M. Sumarro W, Sinaca B,
van der Ven AJ. Sauerwein RW. Syalrudclin D.Z00g. Efticacy
of arlemisinin-based conbination therapv for uncomplicatt,i
falciparum malaria in Wost Sunrbat district, Easi Nusa
Tenggara Proviuce, Indonesia and the genotypic profiles of
the parasile. Am J Trop Med Hyg B0:914-919.
19. Elyazar IR, I{ay SI. Baird JK,2011. Malaria disrriburion. oreva-
lence, drug resistance and control in Indonesia. Adv pirositol
74:41*174.
2ll. Ling J, Baird JK, Fryauff DJ. Sismadi p, Bangs MJ, Lasv M.
Barcus MJ. Gramzinski R. Maguire JD. Kuriusumangsiir M.
Miller GB, Jones TR, Chulay JD, Hoffman SL, 2002. Rindom-
izcd, placcbo-controllcd trial of atuvaquonc/proguanil for the
prevention of Plosmorlittm Julcipanun and plastiodium ritax
nalaria among nigrants to piipua, Indonesia. CIin InJect Dis
-tt 825-8-13.
21. Bennett S. Parpiit T. Hayes R. Cousens S,2002. Ivlcthotls for thc
analysis of incidence rates in cluster randonrized ftjals_ lnt J
Epiderniol 3 1 : 839*846.
22. Dean AG, Sullivan KM. Soc MM,2010. Opcn cpi: Open source
epidemblogic statistic Jor pultlic llulth. yersion 2.3.1. Avail-
able at: www.OpenEpi.com. t)pdatcd 201(). Acccssed September
22.2012.
2-j. Brookneyer R. Chen YQ, 1998. person-time analysis of paired
community intervention trials rvhc.n the nuntbet oi comnrrlnitir.s
is small. Star Metl 7 I : 2I2l 
-2132.
24. Directorate (leneral for l)iseases Control ancl l:nvironmental
Health, 2011. Guide to Moluriu Case Munagenrcnt (pedomun
Tataluksana Muluria). Jakarta, Indoncsia: Minislry of llcalth.
25. Baird JK._Lacy MD. Basri lI. Barcus MJ. Maguire JD. Bangs MJ.
Gramzinski R. Sismadi P. Krisin. Lins J. Wiadv l.
Kusumaningsih M, Jones TR. Fryauff DJ, Iloflman SL, i(,01.
Randonrizcd, parallel placr:bu-controllcd trial ol primaquinc
f^gr 
_ryilarla prophylaxis in papua. Indonesia. C,lit; InJeL.; Dis33: 199t1-1997.
26. Baird JK. Hoffman SL. 20{J4. primaquine thcrapy for nralaria.
Clin Infect Dis 39:1336*1345.
27. Sutanto I, Tjahyono B. Barsi H. Taytor WB, putri FA, Meilia RA.
Setiabudy R, Nurleila S, Ek?Ilvaty t,I., Elyaz_ar I, Farrar J,
Sudoyo H. Baird JK,2013. I{andonrized. open-label trial ofprimaquine against vivax rlalar.ia r..lapsi, in Intlonesia.
Antinicnh Agcttts Chetnothrr 37: ll2B -1135.
28. Wo,rfd Health,Organization,2010. Bosic Molaria Micntscopy I'art L
Learner's Gulde. Second edition. Ciencva: WHO.
29. O'Connors CT. Soepanto A. 1979. Kunci kunci hcrsambar untuk
Anopheles betina dari lndonesia. 'l ranslatecl aricl revisecl hy
Atmosoedjono S, Bangs. MJ, 19{19. Illustratcd key to the
Anophelet oll Indoncsia. Jakarta. Inclonesia: Thc Ministrv of
I lcalth. I 
-40.
SPATIAI, REPEI,I,ENT IMPAC'T ON MALARIA INCIDENCE 1087
30. Detinova f-S, 1962. Agu-grouping mcthods in Diptcra of medical
important rvith special rcference to some vectors of r.nalaria,
Ceneva: World lle:rlth Organization.216 pp.
31. Burkut 'I'R, Williams JL, Schneider I, 1984. ldentitication of
Phtsmctdiutn lalci.parum inlcctcd mosquitocs by doubl: anti-
body onzynteJinkcd immunosorbent ilssay. Am J Trop Med
H1,,q.?.1: 783-788.
,12. Singh B, Ilobogarcr A. Oox-Singh J. Snounou O, Abdullah MS.
Rahman HA. 1999. A genus- and species-specific nostcd poly-
nrerase chain reaction nalaria detection assay for epidenrio-
fogic studies. Atn J 'I'rop Med Hyg (t0:6Bj*692.
33. Bcicl JCl, 2002. Veckrl incrimination ancl cntomoloqical inocula-
tion rates. Doolan DL. ed. lvlaloriu Methods uitd. proto<:ttls.
'I'ok)wa. NJ: Humana Press.3-11.
34. Yazquaz-Prokopec GM, Calvin WA, Kelly R. Kitron U.2009. A
new. cost-effective, battery-powered aspirator for adult nros-
cluit<r collections.J Med l:ntomol 46: 1256-1259.
35. Zinrmorn:rn RH, Calardo AK, Lounibos I-p, Arruda M. Wirtz R,
2(X)6. Illoodrneal hosfs of Anopheles species (Diptera: Culic!
da!') in a malaria-cndornic :rrea of thc Brazilian Amazon.
J Med llntomol 43:947-956.
36. Donner A. Klar N. Zou C.ZVA. Methods for the statistical analv-
sis <rf binary data in split-cluster designs. Bionrctrics 60: glg-9i5.
37. Duslirur I, Blondcau J, Harbach RE, Vythilingham I, Baimai V,
Trung IIf). Sochanta T, Bangs MJ, Manguin S. 2007. polymcrase
chain reaction identification of three mcmben of the Anooheles
sundaicu-s (Diptera: Culicidae) complcx. malaria vectors in
Suuthcrrst Asiir. J tlled t-:ntomol ll;'/i3-7?1.
3lJ. Cirieco JP, Achee NL, Chareonviriyaphap T, Survonkerd W.
Chauhan K, Sardelis MR, Roberts DR.2007. A nelv classifica_
tion systcm for the actions of IRS chenricals traditionally usecl
for nralaria control. PLo^f ONE 2: e716.
39. Said SH. (irieco JP. Achcc NL,2m9. Evaluation of crrntacl irri-
titnl and spatial repellcnt hehavioral responses of ntalc Aeles
aegypti to vector control compounds. J Mosq Contr Assoc
25: 436-41] .
40. Ilawlcy WA. Phillips-I{oward PA. ler Kuile FO, Terlouw DJ.
Vulule JM. Ombok M, Nahlen BL, Cimnig JE, Kariuki SK,
Kolczak MS, Hightuwer AW. 2003. Community-witlc effecs
pcrmelhrin-lrculod bcd nr:ts on child mortalitv and malaria
nrorbidity in weslern Kenya. /rr J !'rop Med ltt:g 6g: l2I*121.
41. Phillips-Howard PA, ter Kuilc FO. Nahlen BL. Al;ii JA. Cinnis
JE, Kolczak MS, Tcrlouw DJ, Kariuki SK, Shi yp, Kuuhur Sp-.
1{ightowcr AW. Vululc JM, Hawley WA,2003.'I.hc r:fficacy of
pernethrin-treated bed nets on child mortality and morbidity
ir_ rvcstcrn Kcn,va II. Study design and nrethirds. Atn .l Tntp
Med Itvg68: IO-15.
42. Lengclcr C. 2tU9. lnsecticitle treated becl net antl curtain lbrprerenting nalaria (review'.). The Cochrane L,ibrary. Avait-
ablc al: hltp://wwrv.thccochranelibrary.comiuscrfiles/Ccoch/filc/
CDfi)0363.pdf. Accessed September 25. 2014.
43. Hill N, Zho HN, Wang P, Cu<i X, Carneir.o I. Moore SJ. 2014. A
housrrhokl randomized. conlrolled trial of thc efficacy of 0.03 %
transfluthrin coils alone and in conrbination with lone_lasting
insecticidal nets on the incidence of plusn<tdiutn laiciparui
and Plasntorliutn viyax ntalaria in Western yunnan pr<Jvince.
Chin:t M ulor J t.l ; 208.
44. Herningway J. tseaty tsJ. Rowlancl M, Scott l.W, Sharp 8L.20(r6.
The innovativr' vcctor control consortium: improvecl control of
nrtrsqui toborne discascs. I'rc t t tls p a rus i.t o I 2 2; 30g_3j2.
